IT was previously reported (Dijkstra and Joubert, 1961 ) that the albumin fraction isolated from serum of rats fed a single dose of the carcinogen 3'-methyl-4-dimethylaminoazobenzene contained significant quantities of protein-bound dye, which was only released by prolonged hydrolysis of the protein. The present work reports observations on the relative importance of dye binding to liver and serum proteins after administration of various aminoazo dyes of different degrees of carcinogenicity.
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MATERIALS AND METHODS
Reagents.-4-Aminoazobenzene (AB; m.p. 124.0-125.0o) was obtained commercially and crystallized from benzene and ethyl alcohol. The other dyes were prepared according to the method of : 4-dimethylaminoazobenzene (DAB; m.p. 118-0-119.00), 2-methyl-4-dimethylaminoazobenzene (2-MeDAB; m.p. 69.5-70.5°), 2'-methyl-4-dimethylaminoazobenzene (2'-MeDAB; m.p. 74.0-75.0°), 3'-methyl-4-dimethylaminoazobenzene (3'-MeDAB; m.p. 120A4-121.2o), and 4-diethylaminoazobenzene (DEAB; m.p. 97A498.4°).
Treatment of animals.-Male albino rats (weight 180-220 g.) of the Wistar strain were fasted for 6 hours before the administration by stomach tube of 50 mg. of aminoazo dye in 2 ml. of olive oil. After dosing, the animals were fed ad libitum on stock diet (Dijkstra and Joubert, 1961) and tap water. At intervals the rats were anaesthetized with ether, the abdominal cavity was exposed and the blood was obtained from the abdominal aorta. The liver was immediately perfused in situ with cold 2 per cent sodium citrate (Miller and Miller, 1947) .
Estimation of dye.-Free (i.e. alcohol-extractable) dye and the protein-bound dye were determined (Dijkstra and Joubert, 1961) in the serum after precipitation of proteins with 50 ml. of absolute ethyl alcohol per 2 ml. of serum, and in the liver after homogenization of the left lateral lobe (2-3 g.) in 50 ml. of absolute ethyl alcohol. The optical absorption of the dye was measured at 520 m#t and it was ascertained that this involved no appreciable error in cases where the wavelength of maximum absorption differed from 520 m,u. The results of the bound dye determinations are expressed as the optical density (E) at 520 m, by the dye from 50 mg. of protein in a mixture of 2-0 ml. of ethyl alcohol and 2-5 ml. of 7 N hydrochloric acid using an absorption cell with a light path of 1 cm. (Miller and Miller, 1947) . The results of the free dye estimations are similarly expressed, using the mean values of 7 0 and 20-0 per cent for the protein content in the serum and the liver respectively.
The absorption spectra of the bound dyes from liver and serum were obtained as previously reported (Dijkstra and Joubert, 1961) at 38 hours after dye ad-ministration, because the levels of bound dye reached a maximum at about this time.
RESULTS
The absorption spectra of bound dyes from the liver showed maxima at 520 mi/, except in the case of 3'-MeDAB administration, when the maximum occurred at 525 m,u. Bound dyes from the serum gave maximum absorption at slightly shorter wavelengths in those cases where the concentration of bound dye was high enough to measure the maximum, namely 510 m,u after DAB or DEAB administration, and 520 m,t after 3'-MeDAB administration.
Since the bound dyes have not yet been obtained in a pure form, their molecular extinction coefficients, which relate optical density to actual concentration, cannot be determined. It is, therefore, not possible to calculate the number of moles of the various dyes bound per unit weight of protein from the optical density. The molecular extinction coefficients of the original pure dyes differ widely (Table I ; see also Miller, Sapp and Miller, 1948; and Cilento, Miller and Miller, 1956) owing largely to differences in the ratio of azonium (-N+H-N-) to ammonium (-N+HMe2) tantomers, of which the ratio E520/E325 gives a rough measure (Sawicki, 1957) . For example, under the conditions of measurement used in the present paper, 3'-MeDAB and 2'-MeDAB had molecular extinction coefficients at 520 m/t of 44,400 and 10,400, and E520/E325 ratios of 5 and 0*6 respectively. However, the E5,2/E325 ratios of their derivatives bound to liver proteins were found to be 1-2 and 0-8. This observation that the difference between these values is far less than in the case of the original unbound dyes suggests that there may also be less difference between the molecular extinction coefficients at 520 m,u of the bound dyes, so that the E520 values may give an approximate measure of the extent of binding of the various dyes. The molecular extinction coefficients of aminoazo dyes are also influenced by demethylation of the -NMe2 group. Sawicki (1957) found that the molecular extinction coefficients at 520 m,t of some dyes with an unsubstituted amino group were several times smaller than the molecular extinction coefficients of their monomethylamino and their dimethylamino derivatives. Since N-demethylation is one of the major metabolic reactions of aminoazo dyes in the body (Miller and Miller, 1953; Conney et al., 1957; Matsumoto and Terayama, 1961) , this is another factor which may influence the extinction coefficients of the bound dyes. As pointed out by Dijkstra and Joubert (1961) , the difference in the wavelengths of maximum absorption of the dye bound to liver and serum proteins of the same rat may be a reflection of a difference in the extent of N-demethylation in these two cases.
Because of these factors, care must be taken when interpreting differences in the optical density of the bound dyes as differences in the number of moles of dye bound to proteins. With this reservation in mind, the results may now be considered.
The results of the bound dye estimations are given in Table II . The maximum levels in both the liver and the serum were found after about 38 hours, except in the case of 2-MeDAB where it appeared at about 50 hours. The levels of bound dye in the liver after the present intragastric administration of 3'-MeDAB were at all times comparable to those found by Gelboin, Miller and Miller (1958) after a single intraperitoneal injection.
The maximum density (E) of bound dye in the liver varied with the different compounds, being highest (about 0.2) in the case of the most carcinogenic, 3'-MeDAB, less for the moderately carcinogenic DAB (0.07) and lowest in the case of the weakly carcinogenic 2'-MeDAB (0.05) and the non-carcinogens DEAB (0-05) and AB (0 05). In the case of the very weak carcinogen, 2-MeDAB, appreciable binding was observed in the liver, with an optical density at the maximum of about 0 13.
The binding of dye to the serum proteins followed the same time course as that of the binding of dye to the liver proteins, but the amounts of dye bound to the former were always lower than in the case of the latter. With 3'-MeDAB, DAB, 2'-MeDAB, DEAB, and AB, the averages of the ratios of bound dye absorbance per unit weight of protein in the serum to that in the liver were 0 47, 0*50, 0 49, 0 53 and 0-51 respectively. With 2-MeDAB, however, the ratio was considerably lower, namely 0 19 so that the low level of binding to serum proteins was more in line with its low carcinogenicity than its high binding to liver proteins.
The result of some determinations of free (alcohol-extractable) dye in the liver and serum of rats dosed with 3'-MeDAB and 2-MeDAB are presented in Table III . These show that the levels of free dye in the serum and the liver ran parallel. In both cases little free dye could be detected during the first 10 hours after administration; dye levels reached a maximum after 20 to 40 hours, and declined to very low levels again after 88 houirs. Comparison of these results
with those in Table II shows that the time interval between the appearances of free and bound dye in the liver was very small and that the bound dye maximum was found when the free dye level decreased. This suggests that the binding process was relatively rapid. Table III also shows that the ratio of optical density of free dye in the serum to that in the liver was greater than unity in the case of 3'-MeDAB, whereas it tended to be less than unity for 2-MeDAB. Thus in the case of both free and bound dyes 3'-MeDAB gave a higher ratio of optical density in the liver to that in the serum than 2-MeDAB. Experiments in which 0-6 mg. of 3'-MeDAB or 2-MeDAB was added to 4 ml. of blood containing 0-2 per cent potassium oxalate, and allowed to stand for 16 hours at 37°C., showed that no in vitro formation of bound dye occurred in the blood.
DISCUSSION
The results obtained in the present study with a single large dose of dye are similar to those of Miller et al. (1949) who fed a low level of dye continuously in that, assuming that the molecular extinction coefficients of the different bound found that although the amount of 2-MeDAB bound in the liver eventually exceeds those formed in rats fed the most actively carcinogenic members of the series, the time required for thedye concentration to reach a maximum was considerably longer for 2-MeDAB than for the more potent carcinogens. The present work suggests that with a single dose also a high concentration of bound dye in the liver persists longer in the case of 2-MeDAB than in that of 3'-MeDAB. Further work, however, would be necessary to confirm this.
Miller et al. (1949) consider that the time interval after which maximum binding of a dye occurs in the liver following continuous feeding is more closely related to its carcinogenicity than the actual level of dye attained, since the fall in dye concentration on prolonged feeding is a sign of the deletion of the dye-binding proteins. This hypothesis does not, however, explain why binding of active carcinogens should result in deletion of the proteins more readily than binding of apparently similar amounts of weak carcinogens, such as 2-MeDAB.
From this point of view, the finding that the binding of 2-MeDAB to serum proteins is more in line with its low carcinogenicity is of considerable interest. Since no in vitro formation of bound dye occurred in the blood, the binding of dye to serum proteins presumably occurs in the liver, possibly at the time of their synthesis. It thus appears that the liver differentiates between serum and tissue proteins in respect of the extent or mode of dye binding.
It would be interesting to see whether the relative extent of binding of 3-MeDAB to liver and serum proteins is similar to that of 2-MeDAB which it resembles in giving a higher level of bound dye in the liver on continuous feeding than is expected from its low carcinogenicity (Miller et al., 1949) . If this is the case, it might provide a clue to the critical locus of action of the carcinogenic azo dyes on proteins in the liver.
The extent of binding of dye to proteins was determined in the liver and serum of rats after administration by stomach tube of a single dose of 50 mg. of various aminoazo dyes. Free (i.e., alcohol-extractable) dye was also determined in the case of 3'-MeDAB and 2-MeDAB. The free dye levels in both serum and liver were low during the first 10 hours, rose to a maximum after 20 to 40 hours, and then declined. The appearance of the bound dye in the liver and in the serum followed parallel courses. In both, the maximum dye level was reached after about 40 hours, when the level of free dye decreased. The extent of binding of the various dyes to proteins in the liver paralleled their carcinogenicity, except in the case of 2-MeDAB, which is a weak carcinogen, but which was strongly bound. In the case of the other dyes, namely 3'-MeDAB, DAB, 2'-MeDAB, DEAB, and AB, the ratio of bound dye (expressed in optical density units) per unit weight of protein in the serum to that in the liver averaged 0-5, whereas with 2-MeDAB it was only 0419. The binding of 2-MeDAB to serum proteins is therefore more in line with its low carcinogenicity than its binding to liver proteins.
